Increasing evidence suggests an association between elevated serum aminotransferase level and the metabolic syndrome. However, the significance of relatively low levels of aminotransferase in relation to the metabolic syndrome has not been fully investigated in the general population. We investigated the association between serum amiontransferase level and the metabolic syndrome using data from a nationwide survey in Korea. We measured serum aspartate aminotransferase (AST) and alanine aminotransferase (ALT) levels and metabolic conditions among 9771 participants aged 20 or more in the 1998 and 2001 Korean National Health and Nutrition Examination Surveys. Metabolic syndrome was defined according to NCEP-ATP III criteria with a modified waist circumference cutoff (men > 90 cm; women > 80 cm). Serum aminotransferase level, even within normal range, was associated with the metabolic syndrome independent of age, body mass index, waist circumference, smoking, and alcohol intake. Compared with the lowest level (< 20 IU/L), the adjusted odds ratios (95% CI) for an [30] [31] [32] [33] [34] [35] [36] [37] [38] [39] [40] [41] [42] [43] [44] [45] [46] [47] [48][49] 50 IU/L were 1.10 (0.85-1.42), 1.37 (1.02-1.83), 1.62 (1.08-2.43), and 2.25 (1.47-3.44) in men, and 1.18 (0.99-1.41), 1.43 (1.29-1.83), 1.71 (1.09-2.68), and 2.14 (1.20-3.80) in women, respectively. Corresponding odds ratios for ALT levels were 1.27 (0.99-1.63), 1.69 (1.28-2.23), 2.17 (1.58-2.99), and 2.65 (1.96-3.58) in men, and 1.44 (1.22-1.70), 1.65 (1.26-2.15), 2.94 (1.93-4.47), and 2.25 (1.54-3.30) in women, respectively. In conclusion, elevated serum aminotransferase levels, even in the normal to near normal range, are associated with features of the metabolic syndrome.
INTRODUCTION
Non-alcoholic fatty liver disease (NAFLD) is an increasingly recognized condition that has accompanied the recent increase in obesity. [1] [2] [3] and is also known to be associated with various cardiovascular risk factors including central obesity, type 2 diabetes, dyslipidemia, and high blood pressure. 2, [4] [5] [6] [7] [8] [9] Moreover, it has been suggested that NAFLD can be considered a hepatic consequence of the metabolic syndrome. [10] [11] [12] [13] [14] Patients with fatty liver disease usually have elevated serum aminotransferase activity, and so aminotransferase assays are widely used to monitor liver function in people with metabolic syndrome. 1, 2 It has been suggested, however, that the use of current definitions of normal serum aminotransferase levels may underestimate the prevalence of liver disease, because normal aminotransferase levels cannot rule out the existence of liver disease. [15] [16] [17] The significance of serum amiontransferase level, including within the normal to near normal range, needs to be reviewed in relation to the metabolic syndrome, and the need for a full investigation in the general population still remains. Accordingly, we investigated the independent association between serum aminotransferase level and the metabolic syndrome in a representative Korean population.
MATERIALS AND METHODS

Study population
The Korean National Health and Nutrition Examination Surveys were conducted in non-institutionalized Korean civilians in 1998 and 2001. A stratified multistage probability sampling design was used, with selection made from sampling units based on geographical area, sex, and age groups using household registries. A total of 13,451 individuals (7945 in 1998 and 5506 in 2001) aged 20 years or more completed the health examinations. Among them, 11,282 people fasted for at least eight hours before their blood samples were obtained. We excluded 549 people who tested positive for Hepatitis B (HBsAg), and 95 pregnant women. We also excluded 389 people who reported consuming at least 50 g of alcohol per day. In the end, 9771 people (4019 men and 5752 women) were eligible for our analyses.
Data collection
Anthropometric measurements including height, weight, and waist and hip circumference were conducted by well-trained examiners on individuals wearing light clothing. Waist circumference was measured to the nearest 0.1 cm at the midpoint between the lower borders of the rib cage and the iliac crest. A standard mercury sphygmomanometer was used to measure the blood pressure of each individual in a sitting position after a 10-minute rest period. Systolic and diastolic blood pressures were measured at phase I and V Korotkoff sounds, respectively. Two readings of systolic and diastolic blood pressure were recorded and the average was used for data analysis. Blood samples were obtained after an overnight fasting period and subsequently analyzed at a central certified laboratory. Serum glucose, total cholesterol, triglyceride, high density lipoprotein (HDL)-cholesterol, aspartate aminotransferase (AST), and alanine aminotransferase (ALT) levels were measured by an autoanalyzer (Hitachi 747, Tokyo, Japan). Smoking and alcohol consumption habits and current medication status were determined by a self-administered questionnaire. Non-drinkers were people who reported that they never or almost never (less than once a month) consumed alcoholic beverages. For drinkers, daily alcohol intake was calculated by multiplying the frequency of drinking and the amount consumed in one sitting.
Definition of the metabolic syndrome
The metabolic syndrome was defined according to the National Cholesterol Education Program Adult Treatment Panel III (NCEP-ATP III), except for abdominal obesity by waist circumference. 18 We used a modified waist circumference cutoff of > 90 cm in men and > 80 cm in women. 19 Hence, in the present study, individuals having three or more of the five following criteria were defined as having the metabolic syndrome: 1) high blood pressure ( 130/85 mmHg) or anti-hypertensive medication, 2) elevated fasting blood glucose ( 6.1 mmol/L) or anti-diabetic medication, 3) hypertriglyceridemia ( 1.7 mmol/L), 4) low HDL-cholesterol (men, < 1.0 mmol/L; women, < 1.3 mmol/ L), and 5) abdominal obesity by waist circumference (men, > 90 cm; women, > 80 cm).
Statistical analysis
We compared clinical and biochemical characteristics between men and women using student's t-test or  2 test. Spearman correlation coefficients among the metabolic risk factors and aminotransferase levels were calculated in men and women separately. The sex-specific prevalence of abnormal metabolic conditions and the metabolic syndrome were calculated by the level of AST and ALT. Independent association between serum aminotransferase level and the metabolic syndrome was investigated using serial logistic regression models. First, we estimated the ageadjusted odds ratio for the metabolic syndrome by serum aminotransferase levels. Second, we adjusted for age, body mass index, cigarette smoking and alcohol intake. Finally, waist circumferences were adjusted in addition to all of the variables in the second model. In order to assess the possible confounding effects of alcohol intake, we investigated the association between ALT and the metabolic syndrome by drinking status.
RESULTS
Clinical characteristics and laboratory data of the 4019 men and 5752 women are shown in Table  1 . Mean age was 44.7 years for men and 45.6 years for women (p = 0.009), but mean body mass index was the same for both sexes. Compared with women, men had higher waist circumference, blood pressure, fasting glucose, triglyceride, AST and ALT levels, but lower HDL-cholesterol levels. Among the study participants, 6.6% were taking anti-hypertensive medications, and 2.6% were taking anti-diabetic medications. Of men, 61.5%
were current smokers, as were 5.7% of women. Regular alcohol drinkers comprised 64.8% of men and 28.1% of women.
Serum aminotransferase levels were correlated with most metabolic risk factors, except there was no association (p = 0.982) between AST level and HDL-cholesterol level in women. Compared to AST level, serum ALT level was more closely associated with body mass index, waist circumference, and fasting blood glucose level ( Table 2) . Prevalence of central obesity, high blood pressure, high fasting blood glucose, and hypertriglyceridemia increased according to the increase of serum AST level. The prevalence of low serum HDL-cholesterol was negatively associated with AST level in men, but not in women. On the contrary, serum ALT level was positively associated with all five metabolic abnormalities in both sexes (Table 3) . Age-adjusted odds ratios for the metabolic syndrome increased progressively according to serum aminotransferase levels. The positive association between aminotransferase level and the metabolic syndrome was observed even within the normal range of aminotransferase levels. When adjusted for age, body mass index, smoking and alcohol intake, the association between aminotransferase level and metabolic syndrome was attenuated but still highly significant. Even after additional adjustment for waist circumference, the association between aminotransferase level and metabolic syndrome still remained (Table 4) . We assessed the association between ALT and the metabolic syndrome in non-drinkers and drinkers separately. The positive association between serum ALT level and the metabolic syndrome was not different by alcohol intake (Fig.  1) .
In a further analysis, we compared the relative significance of individual liver enzymes by including AST and ALT in the same model. In that model, the metabolic syndrome was significantly associated only with ALT level (p < 0.001 for both sexes), but not with AST level (p = 0.272 for men and 0.240 for women).
DISCUSSION
We found a positive association between serum aminotransferase level and the metabolic syndrome in Korean adults. Recent epidemiologic studies have also reported an association between aminotransferase elevation and the metabolic syndrome. [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] This association has been observed in various populations, including obese people, 26, 27 elderly men, 28 postmenopausal women, 29 and even adolescents. 30 Although similar findings have already been reported in some Korean populations, 22, 29, 30 the present study showed a significant association between aminotransferase level and the metabolic syndrome in a nationally representative Korean population. Another more important finding of this study is that the association was observed even in the normal to near normal range of aminotransferase levels, in a dose-related manner.
The most probable explanation for the association between serum aminotransferase level and the metabolic syndrome is NAFLD. NAFLD is the most common cause of unexplained aminotransferase elevations in Western populations, and even in some Asian populations.
2,31 A growing body of evidence supports an association between NAFLD and the metabolic syndrome. 3, 7, [10] [11] [12] [13] [14] [30] [31] [32] [33] [34] [35] Recent studies have added evidence that insulin resistance, a key component of the metabolic syndrome, may contribute to the development of NAFLD. 7, 13, 36, 37 Central obesity may be an underlying cause of insulin resistance and can also contribute to the development of NAFLD. 11, [37] [38] [39] Compared with adipose tissue in other sites, visceral adipose tissue is more resistant to insulin, and the associated relative hyperinsulinemia promotes lipogenesis in the liver. 40, 41 Visceral adipose tissue is also known to be a potent modulator of insulin action on hepatic glucose production and gene expression. 42 In the present study, serum aminotransferase levels had a doserelated association with metabolic syndrome even after adjustment for body mass index and waist circumference. The significance of central obesity in the connection between liver dysfunction and the metabolic syndrome may differ by ethnicity, as differences in the adverse effects of obesity between different ethnicities have been reported. 43, 44 Further studies are required to inves- tigate ethnic and regional differences in the relationship between liver disease and the metabolic syndrome.
Other conditions which can increase aminotransferase activity may also be associated with the metabolic syndrome. 31 The serum aminotransferase assay is a sensitive screening tool for the detection of liver disease, but it cannot provide information on the underlying causes of liver damage. Alcohol-related liver disease can be associated with the metabolic syndrome. These results demonstrate that other causes of aminotransferase elevations did not alter the outcomes of this study.
In the present study, serum ALT level was more closely associated with the metabolic syndrome than AST level. In addition to that, only ALT level was significantly associated with the metabolic syndrome when both enzymes were simultaneously investigated in a single model. This finding is in agreement with previous studies, and can be explained by higher specificity of ALT to liver disease.
Serum aminotransferase assays have been widely used to identify NAFLD and other liver diseases. But the cutoff level that discriminates between healthy and diseased livers has not been clearly defined. The upper normal limit of serum aminotransferase is set on average at 40 IU/L, ranging from 30-50 IU/L. 17, 46 However, this normal range was calculated from a supposedly healthy reference population, which probably included people with mild to moderate chronic liver disease. Several previous studies have demonstrated that serum aminotransferase level, even within the normal range, may be associated with morbidity and mortality. [15] [16] [17] 22, 29, 47 The progressive linear association between serum aminotransferase level and the metabolic syndrome suggests that people with high normal aminotransferase levels may need further investigation for the presence of fatty liver disease. Adjustment of the normal limit of serum amiontransferase should be considered for the monitoring of liver function in people with the metabolic syndrome. In most Western regions, the aminotransferase assay has been less useful as a mass-screening tool, because the prevalence of liver disease is lower than in East Asian or African countries. However, considering the increasing prevalence of the metabolic syndrome and its association with liver dysfunction, the significance of the serum aminotransferase assay needs to be reevaluated. The present study also has several possible limitations. First, we had only one measurement of aminotransferase. Aminotransferase activity is a sensitive marker of liver dysfunction, but its specificity in detection of liver diseases is low because it can be elevated temporarily in various conditions. This limitation would serve to attenuate the magnitude of the association toward the null; thus, our results can probably be considered as conservative estimates. Second, there is the possibility of confounding effects by viral and alcoholic liver diseases. We excluded people who were positive for HBsAg, but could not rule out the effects of other types of viral hepatitis. We did not include heavy drinkers in the analysis and statistically controlled the effects of alcohol consumption, but the possibility of residual confounding influence still exists. Finally, this study could not investigate the causal relationship between serum aminotransferase levels and the metabolic syndrome because of its cross-sectional design. Further prospective studies are needed to establish the temporal relationship between aminotransferase level and the metabolic syndrome, and to discover the underlying mechanism of the relationship.
In conclusion, serum aminotransferase levels even in the normal or near normal range are associated with features of the metabolic syndrome in Korean men and women.
